In an effort to improve potential hepatoprotective and anti-tumor activities, eight novel ursolic acid (UA) derivatives were designed and synthesized with substitution at positions of C-3, C-11and C-28 of UA. Their structures were confirmed using IR, MS and 1 H-NMR and elemental analysis. Their in vitro cytotoxicity against various cancer cell lines (HeLa, was evaluated by the standard MTT assay. Among them, compound 13 exhibited more potent cytotoxicity than ursolic acid.
Introduction
Ursolic acid (1, UA) is a pentacyclic triterpene compound isolated from many types of medicinal plants [1] . It has been reported to possess a wide range of pharmacological properties, including antiinflammatory, antiallergic, antibacterial, antiviral and antitumor activities. Among these interesting biological activities, the most intriguing property is the high cytotoxic activity. In 1990, it has been ranked as one of the most promising tumor preventive medications by Japanese authors [2] .
UA and their derivatives have been reported to inhibit interferon-induced NO production capacity, and the activities would be significantly enhanced by introduced methoxycarbonyl, carbonyl, or cyanofunctional groups [3] [4] [5] [6] [7] . Based on the reports that the ester functionality at C-3 is essential for the pharmacological activities of pentacyclic triterpenes [8] , and a hydrogen donor group at either C-3
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position and/or C-28 position of ursolic acid is essential for the cytotoxic activity [9] , a series of UA derivatives have been synthesized and their cytotoxic activities have been evaluated in vitro against three cancer cell lines (HeLa, SKOV3 and BGC-823). The results showed that acetylation of the C-3 alcohol together with coupling of a substitued amino group at C-28 results in derivatives having stronger cell growth inhibitory than ursolic acid. In addition, introduction of a carbonyl group on C-11 of UA can also inhibit tumor cell growth.
Results and Discussion

Synthesis of UA derivatives
Ursolic acid was used as the lead compound and the structure modification was done at the positions C-3, C-11 and C-28. The synthetic pathways are shown in Scheme 1. Compound 2 was prepared by reaction of UA with acetic anhydride in THF in the presence of DMAP, then reacted with chromium trioxide in acetic acid solution containing 5% acetic anhydride to obtain compound 3, which was treated with oxalyl chloride to yield compound 4. The crude intermediate 4 was condensed with appropriate amino compounds in the presence of triethylamine to give compounds 5, 6. The oxidation of the hydroxyl group of UA afforded the target product 2 in 91% yield. The 3-oxo-ursolic acid 7 was treated with oxalyl chloride to give the 3-oxoursolyl chloride 8. This intermediate was then condensed with the appropriate amino compound in the presence of triethylamine to give compounds 9, 10. Compound 2 was treated with oxalyl chloride to give the 3-Oacetylursolyl chloride 11. This intermediate was then condensed with the appropriate amino compound in the presence of triethylamine to give the compounds 12, 13. Compound 14 was prepared by UA reacted with butyric anhydride in the presence of DMAP in THF. Compounds 16, 17 were obtained from 14 according to the same method used for synthesizing compound 12. The target compounds were purified on a silica gel column with petroleum ether/ethyl acetate (or acetone) as eluents and their structures confirmed by mp, IR, MS, 1 H-NMR and elemental analysis.
Bioactivity
Antitumor activities of compounds 5, 6, 9, 10, 12, 13, 16, 17 were evaluated in vitro using the MTT method against HeLa, BGC-823 and SKOV3 cell lines with UA as the positive control. Tumor cells (200 μL per well) were cultured in 96-well culture plates in RPMI 1640 containing 10% FCS under 5% CO 2 and 37 ºC. After 24 h, the appropriate test compound was added with different indicated concentrations of 10 -5 , 10 -6 , 10 -7 , and 10 -8 mol/L, respectively, for another 72 h incubation. Then MTT was added, and absorbance was measured on an ELISA reader at a wavelength of 490 nm. Each test was performed three times. The concentration of compounds which gives 50% growth inhibition corresponds to the IC 50 . The results are summarized in Table 1 . As shown, most of the evaluated compounds esterified at the 3-OH and coupled at C-28 with selected amino acid methyl esters displayed stronger inhibitory activity than UA against the three cancer cell lines. Among them, compound 13 (inhibition rates for HeLa, SKOV3, BGC-823 cells (%), 92.97, 62.28, 85.03, IC 50 values of 13, 2.71 μM, 7.40 μM, 4.46 μM) displayed the most potent antitumor activity. Compounds 5, 6, 9 (inhibition rates (%), 32.39, 29.69, 39.98) presented strong inhibition in the HeLa cell line model. Compound 6 (inhibition rate for SKOV3 cell (%), 22.57) presented strong inhibition in this cell line model. Compounds 5, 9 (inhibition rates for BGC-823 cell (%) 31.59, 34.84) presented strong inhibition in the BGC-823 cell line model. By comparison of compounds acetylated or butylated at C-3, we can conclude that acetylated compounds exhibit more activity than the butylated ones. Some compounds such as the 3-carbonyl group or 11-carbonyl group UA derivatives might also be important for improving the tumor cell growth inhibitory activity
Experimental
General
UA with over 98% purity was purchased from China Chengdu Scholar Bio-Tech.Co., Ltd. Other reagents (analytical grade) were bought from commercial suppliers and used without further purification unless otherwise noted. The melting points were determined on an electrically heated X-4 digital visual melting point apparatus and are uncorrected. IR spectra were recorded on a ThermoNicolet 470FT spectrometer.
1 H-NMR spectra were measured on a Bruker ARX-300 MHz spectrometer at room temperature, with TMS as the internal standard. ESI-MS were determined with Thermo-Finnigan LCQ equipment. Elemental analyses were performed on a Carlo-Erba 1106 Elemental Analysis instrument.
General procedure for the synthesis of N-[3β-acetoxyurs-11-oxo-12-en -28-acyl]-amine compounds 5,6
A solution of UA (300 mg, 0.658 mmol) in THF (10 mL), pyridine (1 mL), acetic anhydride (1 mL) and a small amount of DMAP was stirred for 4 h at room temperature. When the reaction was complete, the solvent was cncentrated in vacuo and the solids were dispersed in water, then acidified to pH 3-4 with HCl, filtered, washed with water to neutrality, and dried at room temperature to give white solid compound 2. A mixture of compound 2 (50 mg, 0.1 mmol) with acetic anhydride (0.75 mL), acetic acid (14.25 mL) and CrO 3 (99.6 mg, 0.1 mmol) was stirred for 4-6 h at room temperature. Water (20 mL) and CH 2 Cl 2 (20 mL) were added. When stratified, the water layer was extracted twice with CH 2 Cl 2 , combined organic phase, washed with saturated NaHCO 3 , then washed with water to neutrality. Dried over Na 2 SO 4 , filtered, and concentrated in vacuo. Compound 3 was obtained as a light green oil, which was dissolved in CH 2 Cl 2 (10 mL), oxalyl chloride (0.2 mmol) was added and the mixture stirred 20 h to give compound 4. Reaction solvent and unreacted oxalyl chloride were eliminated by vacuum. Then the residue was dissolved in cyclonexane (5 mL). This was done twice. Acyl chloride was mixed with CH 2 Cl 2 (5 mL) and Et 3 N to adjust the pH to 9-10. The solution was stirred for 5 min and amine (0.3 mmol) was added in at room temperature. The reaction completion was detected by TLC. The dichloromethane was eliminated by vacuum, brine (5 mL) was added and the mixture was acidified with concentrated HCl to pH 3-4. A white solid was precipitated, filtered, the filter cake was washed to neutrality with water and dried to give a white solid. 
N-[3β-Acetoxy-urs-11-oxo-12-en-28-acyl]aniline (5)
Compound 4 was reacted with aniline (0.3 mmol) using the general procedure to give compound 5 (27.5 mg
N-[3-Acetoxy-urs-11-oxo-12-en-28-acyl]-4-methylpiperazine (6)
Compound 4 was reacted 2-amino-1-propanol (0.3 mmol) using the general procedure to afford compound 6 (28mg, yield: 50.3%); m. 
General procedure for the synthesis of N-[3-oxo-urs-12-en-28-oyl]-amine compounds 9,10
To a solution of compound 1 (100 mg, 0.22 mmol) in acetone (1.5 mL) Jones' reagent (0.4 mL) was added dropwise in an ice-salt bath. The reaction mixture was allowed to warm up to room temperature and stirred for 1 hour. After cooling to 0 ºC, 2-propanol (5 mL) was added and the solution stirred at room temperature for 30 minutes. The green precipitate was collected and washed well with acetone. The acetone solution from the combined filtrates were concentrated and dried. By purification on a silica gel column compound 7 was obtained as a white solid. A mixture of compound 7 (50 mg, 0.11 mmol) and oxalyl chloride (0.04 mL) in CH 2 Cl 2 (2 mL) was stirred at room temperature for 20 h. The mixture was concentrated to dryness under reduced pressure. Cyclohexane (3 × 1 mL) was added to the residue, then concentrated to dryness to yield crude 3-oxoursolyl chloride 8. To a CH 2 Cl 2 (4 mL) solution of 8 was added an amine compound (0.44 mmol). The reaction mixture was stirred in presence of Et 3 N at room temperature. The resultant residue was partitioned with 3 mL water, then treated with 2N HCl to pH 3, CH 2 Cl 2 was removed under vacuum to precipitate a white solid which was filtered and the filter cake was washed with water to pH 7, and dried. The crude was purified on a silica gel column with petroleum ether/ethyl acetate to yield a white powder.
N-[3-Oxo-urs-12-en-28-oyl]-3-amino-1-propanol (9)
Compound 8 was reacted by using general procedure with 3-amino-1-propanol to give compound 9. The reaction mixture was stirred at room temperature for 5 h. Elution with petroleum ether/ethyl acetate (v/v) 
General procedure for the synthesis of N-[3β-acetoxyurs-12-en-28-oyl]-amines 12,13
A mixture of compound 2 (50 mg, 0.11 mmol) and oxalyl chloride (0.04 mL) in CH 2 Cl 2 (2 mL) was stirred at room temperature for 20 hours. The mixture was concentrated to dryness under reduced pressure. Cyclohexane (3 × 1 mL) was added to the residue, then concentrated to dryness to yield crude 3-O-acetylursolyl chloride 11. To a CH 2 Cl 2 (4 mL) solution of 11 was added the appropriate amine compound (0.44 mmol). The reaction mixture was stirred in the presence of Et 3 N at room temperature. The resultant residue was partitioned in 3 mL water, then treated with 2N HCl to pH 3, CH 2 Cl 2 was removed under vacuum to precipitate a white solid, that was filtered and the filter cake was washed with water to pH 7, and dried. The crude was purified on a silica gel column with petroleum ether/ ethyl acetate to yield a white powder.
N-[3β-Acetoxyurs-12-en-28-oyl]-3',4'-difluorobenzylamine (12)
Compound 11 was reacted with 3',4'-difluorobenzylamine using the general procedure to give compound 12. 
N-[3β-Acetoxyurs-12-en-28-oyl]-3-morpholin-4-yl-1-propylamine (13)
Compound 11 was reacted with 3-morpholin-4-yl-propylamine using the general procedure to give compound 13. 
General procedure for the synthesis of N-[3β-butyryloxyloxy-urs-12-ene-28-oyl] amines 16,17
Compound 14 was obtained from ursolic acid 1 (100 mg, 0.22 mmol) and butyric anhydride by using the same method described for the preparation of compound 2. A mixture of compound 14 (50 mg, 0.11 mmol) and oxalyl chloride (0.04 mL) in CH 2 Cl 2 (2 mL) was stirred at room temperature for 20 h. The mixture was concentrated to dryness under reduced pressure. Cyclohexane (3 × 1 mL) was added to the residue, which was then concentrated to dryness to yield crude 3-O-butyryloxyl chloride 15. To a CH 2 Cl 2 (4 mL) solution of 15 was added an amine compound (0.44 mmol). The reaction mixture was stirred in the presence of Et 3 N at room temperature (TLC control). The resulting residue was partitioned in 3 mL water, then treated with 2N HCl to pH 3, CH 2 Cl 2 was removed under vacuum to precipitate white solid that was filtered and the filter cake was washed with water to pH 7, and dried. The crude was purified on a silica gel column with petroleum ether/ethyl acetate as eluents to yield a white powder. 
Methyl N-[3β-butyryloxyl-urs-12-en-28-oyl]-2-amine
Conclusions
We have described the synthesis and basic structure-activity relationship of a series of novel derivatives of ursolic acid as potential lead compounds for the development of new anticancer drugs. Our data suggest that: (1) most UA conjugates with an amino acid methyl ester, amino alcohol, amino alcohols acetate or benzylamine at C-28 and with an acetoxy group at C-3 have greater antiproliferative ability on HeLa cells; (2) compound 13 showed significant anti-tumor activity against HeLa, BGC-823 and SKOV3 cells.
